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Abstract 
 
This report describes the production of ERM®-CZ110, which is a fine particulate matter (PM2,5-like) material certified for the mass fraction of water-soluble 
ions (Na+, K+, Ca2+, Mg2+, Cl-, NO3- and SO42-) extracted according to CEN/TR 16269:2011 or EN 16913:2017. An indicative value for the mass fraction of 
NH4+ (extracted according CEN/TR 16269:2011 or EN 16913:2017) and informative values for the mass fraction of Na, K, Ca and Mg after complete 
digestion of the sample are also reported. This material was produced following ISO 17034:2016 and is certified in accordance with ISO Guide 35:2017. 
The Certified Reference Material (CRM) is a particulate matter collected from a road tunnel in Poland. The material was first sieved and jet-milled to 
reduce its particles’ size. Then, it was suspended in a solution, spiked with appropriate levels of the desired ions and siphoned off to allow collection of 
smaller and lighter particles. Finally, the solution was dropwise shock-frozen in liquid nitrogen and freeze-dried. The resulted fine dust (PM2,5-like size) was 
collected into vials under an inert atmosphere of nitrogen. 
Between-unit homogeneity was quantified and stability during dispatch and storage were assessed in accordance with ISO Guide 35:2017. Within-unit 
homogeneity was quantified to determine the minimum sample intake. 
The material was characterised by an inter-laboratory comparison of laboratories of demonstrated competence and adhering to ISO/IEC 17025:2017 or 
with documented evidence of technical competence related to the work in question. Technically invalid results were removed but no outlier was eliminated 
on statistical grounds only.  
Uncertainties of the certified values were calculated in accordance with the Guide to the Expression of Uncertainty in Measurement (GUM) and include 
uncertainties related to possible inhomogeneity, instability and characterisation. 
The extractability of ions in water according to established standard procedures were checked by comparison of ERM-CZ110 with real environmental PM2,5. 
The extractability of ions is the same as for authentic air-sampled PM2,5. 
The material is intended for the quality control and assessment of method performance. As with any reference material, it can be used for establishing 
control charts or in validation studies. The CRM is available in glass vials containing at least 150 mg of powder, which were sealed under an inert gas. 
Glass vials are contained in thermally-sealed aluminium sachets. The minimum amount of sample to be used is 5 mg. 
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1 
Summary 
This report describes the production of ERM®-CZ110, which is a fine particulate matter 
(PM2,5-like) material certified for the mass fraction of water-soluble ions (Na+, K+, Ca2+, Mg2+, 
Cl-, NO3- and SO42-) extracted according to CEN/TR 16269:2011 or EN 16913:2017. An 
indicative value for the mass fraction of NH4+ (extracted according CEN/TR 16269:2011 or 
EN 16913:2017) and informative values for the mass fraction of Na, K, Ca and Mg after 
complete digestion of the sample are also reported. This material was produced following 
ISO 17034:2016 [1] and is certified in accordance with ISO Guide 35:2017 [2]. 
The Certified Reference Material (CRM) is a particulate matter collected from a road tunnel in 
Poland. The material was first sieved and jet-milled to reduce its particles’ size. Then, it was 
suspended in a solution, spiked with appropriate levels of the desired ions and siphoned off 
to allow collection of smaller and lighter particles. Finally, the solution was dropwise shock-
frozen in liquid nitrogen and freeze-dried. The resulted fine dust (PM2,5-like size) was 
collected into vials under an inert atmosphere of nitrogen. 
Between-unit homogeneity was quantified and stability during dispatch and storage were 
assessed in accordance with ISO Guide 35:2017 [2]. Within-unit homogeneity was quantified 
to determine the minimum sample intake. 
The material was characterised by an inter-laboratory comparison of laboratories of 
demonstrated competence and adhering to ISO/IEC 17025:2017 [3] or with documented 
evidence of technical competence related to the work in question. Technically invalid results 
were removed but no outlier was eliminated on statistical grounds only.  
Uncertainties of the certified values were calculated in accordance with the Guide to the 
Expression of Uncertainty in Measurement (GUM) [4] and include uncertainties related to 
possible inhomogeneity, instability and characterisation. 
The extractability of ions in water according to established standard procedures were 
checked by comparison of ERM-CZ110 with real environmental PM2,5. The extractability of 
ions is the same as for authentic air-sampled PM2,5. 
The material is intended for the quality control and assessment of method performance. As 
with any reference material, it can be used for establishing control charts or in validation 
studies. The CRM is available in glass vials containing at least 150 mg of powder, which 
were sealed under an inert gas. Glass vials are contained in thermally-sealed aluminium 
sachets. The minimum amount of sample to be used is 5 mg. 
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The following values were assigned: 
 
Mass Fraction  
Certified value 3) 
[g/kg] 
Uncertainty 4) 
[g/kg] 
Na+ 1) 20.4 2.0 
K+ 1) 3.3 0.5 
Ca2+ 1) 44 9 
Mg2+ 1) 1.8 0.4 
Cl- 2) 26.2 2.1 
NO3- 2) 7.8 0.7 
SO42- 2) 75 13 
1) Water-soluble ions extracted as described in CEN/TR 16269:2011 or EN 16913:2017. 
2) Water-soluble ions extracted as described in CEN/TR 16269:2011 or EN 16913:2017 and subsequent determination by 
IC-CD. 
3) Certified values are values that fulfil the highest standards of accuracy and represent the unweighted mean value of 
the means of accepted sets of data, each set being obtained in a different laboratory and/or with a different method of 
determination. The certified value and its uncertainty are traceable to the International System of units (SI). 
4) The uncertainty is the expanded uncertainty of the certified value with a coverage factor k = 2 corresponding to a 
level of confidence of about 95 % estimated in accordance with ISO 17034:2016 and ISO Guide 35:2017. 
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Glossary 
ANOVA  Analysis of variance 
b Slope in the equation of linear regression y = a + bx 
CEN European Committee for Standardization 
CFA Continuous flow analysis 
CI Confidence interval 
CLSI Clinical and Laboratory Standards Institute 
CRM Certified reference material 
EC European Commission 
EDX Energy dispersive x-ray analysis 
EN European norm (standard) 
ERM® Trademark of European Reference Materials 
GUM Guide to the Expression of Uncertainty in Measurements 
[ISO/IEC Guide 98-3:2008] 
IC-CD Ion chromatography - conductivity detector 
ICP-MS Inductively coupled plasma - mass spectrometry 
ICP-OES Inductively coupled plasma - optical emission spectrometry 
ICP-SFMS Inductively coupled plasma - sector field mass spectrometry  
IEC International Electrotechnical Commission 
(I)NAA (Instrumental) neutron activation analysis 
ISO International Organization for Standardization  
JRC Joint Research Centre of the European Commission 
k Coverage factor 
k0-NAA  k0 - Neutron activation analysis 
LOD  Limit of detection 
LOQ Limit of quantification 
MS Mass spectrometry 
MSbetween Mean of squares between-unit from an ANOVA 
MSwithin  Mean of squares within-unit from an ANOVA 
n Number of replicate analysis per unit 
n.a. Not applicable 
n.d. Not detected 
NIES National Institute for Environmental Studies, Japan 
p Number of technically valid datasets 
PAHs Polycyclic aromatic hydrocarbons 
PM Particulate matter 
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PM2,5 PM fraction that passes through a size-selective inlet with a 50 % cut-off 
efficiency at 2.5 µm aerodynamic diameter 
PM10 PM fraction that passes through a size-selective inlet with a 50 % cut-off 
efficiency at 10 µm aerodynamic diameter 
PTFE Polytetrafluoroethylene 
QC Quality control 
rel Index denoting relative figures (uncertainties etc.) 
RH Relative humidity 
RSD Relative standard deviation 
s Standard deviation 
sbb Between-unit standard deviation; an additional index "rel" is added when 
appropriate 
sbetween Standard deviation between groups as obtained from ANOVA; an 
additional index "rel" is added as appropriate 
SI International System of Units 
srel Relative standard deviation of all results of the stability study 
swithin Standard deviation within groups as obtained from ANOVA; an additional 
index "rel" is added as appropriate 
swb Within-unit standard deviation; an additional index "rel" is added as 
appropriate 
T Temperature 
t Time 
ti Time point for each replicate 
tsl Proposed shelf life 
ttt Proposed transport time 
TR Technical report established by a CEN technical body 
u Standard uncertainty  
U Expanded uncertainty 
u*bb  Standard uncertainty related to a maximum between-unit inhomogeneity 
that could be hidden by method repeatability/intermediate precision; an 
additional index "rel" is added as appropriate 
ubb Standard uncertainty related to a possible between-unit inhomogeneity;  
an additional index "rel" is added as appropriate 
uchar  Standard uncertainty of the material characterisation; an additional index 
"rel" is added as appropriate 
UCRM  Expanded uncertainty of the certified value; an additional index "rel" is 
added as appropriate 
uΔ Combined standard uncertainty of measurement result and certified 
value 
ults Standard uncertainty of the long-term stability; an additional index "rel" is 
added as appropriate 
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umeas Standard measurement uncertainty 
Umeas Expanded measurement uncertainty 
urec  Standard uncertainty related to possible between-unit inhomogeneity 
modelled as rectangular distribution; an additional index "rel" is added as 
appropriate 
usts Standard uncertainty of the short-term stability; an additional index "rel" 
is added as appropriate 
V-KFT  Volumetric Karl Fischer titration 
Ȳ Mean of all results Yi. 
meas Absolute difference between mean measured value and the certified 
value 
MSwithin  
Degrees of freedom of MSwithin 
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1 Introduction  
1.1 Background 
Airborne particulate matter (PM) is a major problem in many densely populated areas of the 
world [5,6]. This pollutant is a mixture of particles of different size and composition, 
originating from different sources. The finest fraction of these particles, the so-called PM2,5,, is 
notoriously dangerous because it can penetrate deep into the lungs and may pass into the 
bloodstream causing respiratory problems and premature death [7,8]. For this reason, PM 
concentration in air is regulated in many parts of the world. In the European Union, the 
Ambient Air Quality Directive 2008/50/EC addresses this issue by enforcing the monitoring 
and setting limit values for PM10 and PM2,5 [9]. According to EN 12341 these particulate 
matter fractions are defined as PM that passes through a size-selective inlet with a 50 % cut-
off efficiency at 2.5 µm (PM2,5) or 10 µm (PM10) [10] 
Because of the different origin of PM, the legislation also allows to subtract the contribution of 
PM originating from natural sources from the total particle load. This is done by measuring 
and monitoring the mass fraction of organic carbon, elemental carbon and certain ions (Na+, 
K+, Ca2+, Mg2+, NH4+, Cl-, NO3-, and SO42-) in PM2,5 samples collected at rural background 
locations. Therefore, to support this European Ambient Air Quality Directive, a new Certified 
Reference Material (CRM) has been developed. 
1.2 Choice of the material 
In 2010, the European Commission - Joint Research Centre (EC - JRC) released two PM10-
like CRMs in the form of powder material certified for selected PAHs (polycyclic aromatic 
hydrocarbons, ERM-CZ100) and for the content of As, Cd, Hg and Ni (ERM-CZ120) [11,12]. 
Both CRMs have been prepared by jet-milling a sieved road dust collected from the walls 
and sidewalks of the road tunnel Wisłostrada in Warsaw, Poland [13]. After processing, the 
material characteristics resembled the ones of a real PM10 and therefore the CRMs have 
been named “PM10-like”. Some amount of the PM10-like material was retained and stored at   
-20 ºC in view of future projects. 
For a PM2,5 CRM, ideally, the material should be authentic air-sampled PM2,5. However, 
direct sampling of sufficient amount of PM2,5 from air to prepare a CRM is considered 
extremely time-consuming and impractical [14]. In addition there is no clear or fixed chemical 
composition of PM2,5 since this varies with time, weather conditions and seasons. A 
compromise is therefore required regarding access to a sufficient amount of material, its 
nature, its size and its composition. For this reason, the PM10-like material prepared for the 
previous CRMs was used as a starting material for the ERM-CZ110. Three approaches were 
tested for the further reduction of the particle size to a PM2,5-like size, as described by 
Charoud-Got et al. [14]. The chosen one is described in paragraph 3.2, where particles were 
suspended in a water solution, separated by sedimentation, frozen in liquid nitrogen and 
freeze-dried. The solution was spiked in order to obtain the same levels of Na+, K+, Ca2+, 
Mg2+, NH4+, Cl-, NO3-, and SO42- as in real PM2,5 environmental samples collected in the 
Antwerp region, Belgium [14,15]. 
1.3 Design of the CRM project 
To determine the mass fractions of ions in the ERM-CZ110, an inter-laboratory comparison 
was made using results from independent laboratories selected for their expertise in 
measurement of air particulate matter or similar samples. Certified mass fractions of ions are 
the unweighted mean values of the means of accepted sets of data, each set being obtained 
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in a different laboratory by applying either the CEN/TR 16269:2011 or EN 16913:2017 
method for the measurement of anions and cations in PM2,5 [16,17]. The certified values and 
their uncertainties are traceable to the International System of Units (SI). 
2 Participants 
2.1 Project management and evaluation 
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Geel, BE  
(accredited to ISO 17034 for production of certified reference materials, BELAC No. 268-RM) 
2.2 Processing  
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Geel, BE  
(accredited to ISO 17034 for production of certified reference materials, BELAC No. 268-RM) 
2.3 Homogeneity study 
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Geel, BE  
(accredited to ISO 17034 for production of certified reference materials, BELAC No. 268-RM) 
VITO NV, Vlaamse Instelling voor Technologisch Onderzoek, Mol, BE 
2.4 Stability study 
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Geel, BE  
(accredited to ISO 17034 for production of certified reference materials, BELAC No. 268-RM) 
VITO NV, Vlaamse Instelling voor Technologisch Onderzoek, Mol, BE 
2.5 Characterisation 
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Geel, BE  
(accredited to ISO 17034 for production of certified reference materials, BELAC No. 268-RM) 
Aarhus University, DCE - Danish Centre for Environment and Energy, Roskilde, DK 
(measurements under the scope of ISO/IEC 17025 accreditation DANAK No. 411) 
ALS Scandinavia AB, Luleå, SE   
(measurements under the scope of ISO/IEC 17025 accreditation SWEDAC No. 2030) 
BAM, Bundesanstalt für Materialforschung und – prüfung, Berlin, DE   
(measurements under the scope of ISO/IEC 17025 accreditation DAkkS D-PL-11075-14-00) 
EKUK, Eesti Keskkonnauuringute Keskus, Tallin, EE   
(measurements under the scope of ISO/IEC 17025 accreditation EAK No. L008) 
Fera Science Ltd, York, UK   
(measurements under the scope of ISO/IEC 17025 accreditation UKAS No. 1642) 
Finnish Meteorological Institute, Helsinki, FI   
(measurements under the scope of ISO/IEC 17025 accreditation FINAS No. T097) 
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INERIS, Institut National de l'Environnement Industriel et des Risques, Verneuil-en-Halatte, 
FR  
ISPRA, Istituto Superiore per la Protezione e la Ricerca Ambientale, Rome, IT 
(measurements under the scope of ISO/IEC 17025 accreditation ACCREDIA Lab No. 1562) 
IVL, Swedish Environmental Research Institute, Göteborg, SE   
(measurements under the scope of ISO/IEC 17025 accreditation SWEDAC No. 1213) 
Jožef Stefan Institute, Ljubljana, SI   
(measurements under the scope of ISO/IEC 17025 accreditation SA No. LP-090) 
LNE, Laboratoire National de Métrologie et d’Essais, Paris, FR   
(measurements under the scope of ISO/IEC 17025 accreditation COFRAC No. 2-54) 
NILU, Norsk institutt for luftforskning, Kjeller, NO   
(measurements under the scope of ISO/IEC 17025 accreditation NA TEST 008) 
TNO, Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek, Utrecht, 
NL   
(measurements under the scope of ISO/IEC 17025 accreditation RvA No. L026) 
Umweltbundesamt GmbH, Vienna, AT   
(measurements under the scope of ISO/IEC 17025 accreditation AA No. 0200) 
VITO NV, Vlaamse Instelling voor Technologisch Onderzoek, Mol, BE 
 
 
 
 
 
10 
3 Material processing and process control 
3.1 Origin of the starting material 
As already reported in Section 1, the material is a processed road tunnel dust originally 
collected from the walls and sidewalks of the road tunnel Wisłostrada in Warsaw, Poland. 
The tunnel, at the time of sampling, was a major traffic route through the city and it measures 
approximately 900 m in length. About 25 kg of the road tunnel dust were collected between 
May and October 2006 using industrial vacuum cleaners. 
The road tunnel dust was first separated from the coarse particles by sieving (500 µm sieve 
followed by 250 µm sieve), than it was ground using a jet mill (Alpine 56ZPS) equipped with 
a ceramic classifier wheel. The final material consisted of a very fine dust PM10-like with 50 % 
volume of particles below 7.59 ± 0.33 µm and a water content of 2.68 ± 0.30 %, as measured 
by volumetric Karl Fisher titration (V-KFT, Metrohm). Part of this material was certified for 
PAHs and element content [11,12]; another part (about 4 kg) was stored at -20 ºC. The latter 
was further processed for the preparation of ERM-CZ110. 
3.2 Processing 
About 140 g of the PM10-like material was equally distributed in two 10-L glass bottles each 
filled with 10 L of Type 2 water from a Merck Millipore system and 8 g of Triton® X-100 
(Merck, Darmstadt, DE). The bottles were placed in an ultrasonic batch for 6 hours at 37 
kHz, 100 % power in sweep mode. The temperature at the end of the cycle rose to about 53 
– 58 ºC. The content of the two bottles was pooled into a 20 L glass bottle and left standing 
for at least 72 hours at room temperature. After sedimentation of the heavier particles, the 
suspension with the finer particles was transferred by siphoning 90 % of the volume into a 
polyethylene plastic drum. Care was taken to avoid turbulence in the precipitate layers during 
transfer to prevent collecting also the heavier and larger particles. The suspension was then 
spiked with a stock solution prepared by mixing 3 g of KNO3, 8 g of Mg(NO3)2·6H2O and 2 g 
of NH4NO3 (Sigma-Aldrich, St. Louis, MO, USA) in 100 mL Type 1 water from a Merck 
Millipore system. For every 15 kg of the finer particles’ suspension, 4.0 g of the stock solution 
was added. This process was repeated until the 4 kg of PM10-like material were processed.  
After that, all suspensions were pooled and homogenised. 
The final suspension, kept under stirring with a PTFE paddle, was then pumped at a speed 
of 1.5 kg/h into liquid nitrogen using a Gilson peristaltic pump with four silicone tubes of 4 
mm internal diameter. The pump speed was set, allowing single droplets formed at the outlet 
of the tubes to get instantaneously frozen as soon as they fell into the containers filled with 
liquid nitrogen (one container for each of the four tubes). The drops that fell caused liquid 
nitrogen to boil, resulting in vigorous turbulence, and thus leading to the formation of single 
ice kernels of about 5 to 7 mm diameter. Every 20 minutes, liquid nitrogen was topped up to 
maintain a sufficient volume in the containers. Ice kernels were collected by using a stainless 
steel colander with 3 mm diameter holes and stored at -70 ºC in plastic crates. 
Portions of ice kernels were scooped up from the plastic crates and spread out on flat-bottom 
metallic freeze-drying trays. The trays were covered with a polyethylene plastic foil to 
facilitate material transfer after drying. Before filling, each tray was kept at -20 ºC for at least 
12 hours to avoid melting of the ice kernels in contact with the trays if kept at room 
temperature. For the same reason, the shelves of the freeze-dryer (Epsilon 2-100D model 
equipped with a Plexiglas loading door) were also kept at -25 ºC during the loading phase. A 
constant flow of nitrogen was also provided. Each tray was filled with 1.25 kg of ice kernels. 
In total, 271.5 kg of frozen suspension in the form of ice kernels was loaded in the freeze-
dryer and dried by applying five freeze-drying cycles. Each cycle lasted about 90 hours. 
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After completing each cycle, the freeze-dryer chamber was filled with nitrogen and the 
content of the trays was transferred into stainless steel drums placed in a glove box which 
was also constantly flushed with nitrogen. The filling of the dry powder was performed in the 
glove box by using a filling machine device (FD-SPAc 4A). Temperature and relative 
humidity (RH) inside the glove box were recorded every 2 minutes; RH never exceeded 5 %. 
No attempt was made to homogenise the powder obtained from the five different freeze-
drying cycles, which is normal practice when processing reference materials. This to avoid 
electrostatic charging of fine particles that would result into big aggregation of particles as 
already observed during the preparation of ERM-CZ110 and ERM-CZ120 [13]. The filling of 
the material was done separately after each freeze-drying cycle and the vials were kept 
separated in order to verify the homogeneity between cycles (see paragraph 4.1, between 
unit homogeneity). At least 150 mg were filled in each vial. Each vial was closed with a 
PTFE-coated rubber insert secured with an aluminium crimp cap. After assessing the 
between-unit homogeneity it was found that vials obtained in the first freeze drying cycle 
were sensibly different from those of the other four cycles. These vials were therefore 
excluded while the rest were labelled according to the filling sequence. In total 2210 vials 
were labelled where vial number 1 is the first filled vial of the second freeze-drying cycle and 
vial number 2210 is the last filled vial of the fifth freeze-drying cycle. The vials were then 
placed one by one in aluminised sachets and thermally sealed for additional protection of the 
material. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Some of the steps of the ERM-CZ110 processing: a) homogenisation of spiked PM 
material suspension, b) creation of ice kernels, c) ice kernels in a freeze-drying 
tray, d) material after a freeze-drying cycle, e) filling of vials of ERM-CZ110 
 
 
 
 
 
 
Figure 2: Example of ERM-CZ110 units: two vials before placing them in an aluminium 
sachet (left) and one vial in a thermally-sealed aluminium sachet (right) 
a) b) 
c) d) 
e) 
12 
3.3 Process control  
Particle size distribution was determined by laser diffraction using a Helos KR system 
(Sympatec). Measurements were performed throughout the whole process in order to verify 
that the material particle size fulfils the definition of PM2,5 [10]. Measurements on the final 
material obtained in each of five freeze-drying cycles indicated that 50 % of the cumulative 
volume distribution has particle size diameters below 2.5 µm (2.47 ± 0.17 µm) and that 95 % 
of the particles in the number distribution is below 2 µm (1.92 µm). In Figure 3 are reported 
both particle volume size and number distributions. 
 
 
Figure 3: Particle volume size distribution (above) and particle number distribution (below) of 
ERM-CZ110 
 
As could be expected, however, particles have irregular shapes as shown in images of ERM-
CZ110 samples obtained by an electron microscope FESEM JEOL JSM7800F (Figure 4). 
The presence of major elements was checked by EDX analysis using the AZTEC EDS 
software on small portions of ERM-CZ110 obtained after each freeze-drying cycle as 
reported in Table 1. Although the values can only be considered very roughly indicative (they 
were obtained from very small portions of ERM-CZ110 samples, therefore they are not 
representative of the whole sample), EDX analysis shows the presence of elements such as 
oxygen, silicon, calcium, sulfur and sodium in decreasing order, which could correspond to 
the presence of calcium bearing silicates and some sulfates.  
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Figure 4: Electron microscopy images of ERM-CZ110. Red lined squares indicate the area 
presented in the subsequent image. White segment is 10 μm in a) and 1 μm in b), 
c) and d) 
 
Table 1: Summary of EDX analyses on small portions of ERM-CZ110 obtained in the five 
freeze-drying cycles (the amount of each element in % (m/m) should be considered 
as a very rough indication only) 
n.d.: not detected 
Element 
1st Freeze-
drying cycle, 
% (m/m) 
2nd Freeze-
drying cycle, 
% (m/m) 
3rd Freeze-
drying cycle, 
% (m/m) 
4th Freeze-
drying cycle, 
% (m/m) 
5th Freeze-
drying cycle, 
% (m/m) 
O 50.1 53.6 49.2 52.0 56.7 
Na 6.24 6.60 5.35 6.56 6.69 
Mg 1.77 1.66 1.66 1.64 1.47 
Al 4.04 3.67 4.10 3.75 3.60 
Si 12.2 12.2 12.6 10.9 10.5 
P n.d. 0.43 n.d. n.d. 0.37 
S 6.17 5.82 5.83 6.58 5.91 
Cl 4.54 3.72 4.90 4.91 3.65 
K 1.28 0.88 1.67 1.35 1.09 
Ca 9.37 7.93 10.33 8.99 6.81 
Ti 0.41 0.28 0.36 0.31 0.30 
Fe 3.51 2.93 3.60 2.79 2.52 
Cu 0.36 0.33 0.21 0.25 0.46 
Zn n.d. n.d. 0.20 n.d. n.d. 
 
a) 
c) 
b) 
d) c) d) 
b) 
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The certified values of ERM-CZ110 are given without correction for water content and users 
can use the ERM-CZ110 as supplied. To verify the amount of water in the material, V-KFT 
(Metrohm) was performed on four randomly selected units amongst the vials filled after each 
freeze-drying cycle (20 units in total). Because of the low water content and the low amount 
of material in each vial, only one measurement replicate was done for each unit. Results are 
reported in Table 2. 
 
Table 2: Water content in the ERM-CZ110 obtained after each of the five freeze-drying 
cycles. Four units were measured per cycle with one replicate per unit. s is the 
standard deviation of the results of the four samples per cycle or of the results of 
the 20 samples in all cycles. 
Freeze-drying cycle 
Water  
% (m/m) ± s 
First 4.88 ± 0.41 
Second 4.77 ± 0.29 
Third 4.66 ± 0.16 
Fourth 4.41 ± 0.32 
Fifth 4.42 ± 0.38 
All cycles 4.63 ± 0.21 
 
As can be seen, there is no particular difference between the materials obtained in the five 
different freeze-drying cycles as water content is concerned. The overall average for the 
water content in the material is 4.63 ± 0.21 % (m/m). 
The water uptake of the ERM-CZ110 was also studied in typical laboratory environment i.e. 
20 ºC and 70 % RH. As can be seen in Figure 5, the powder tends to pick up some moisture.   
In such conditions, to maintain the pick-up of water below 1 % relative to the mass, the 
maximum handling time should be about 15 minutes. In conclusion, even if slightly 
hygroscopic, the powder can still be handled and weighed in normal laboratory conditions. 
However, it is advisable to store opened units in a desiccator to prevent the degradation of 
the material. 
 
 
Figure 5: Water uptake on the ERM-CZ110 as a function of time at 70 % RH 
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4 Homogeneity 
A key requirement for any reference material aliquoted into units is equivalence between 
those units. In this respect, it is relevant whether the variation between units is significant 
compared to the uncertainty of the certified value, but it is not relevant if this variation 
between units is significant compared to the analytical variation. Consequently, ISO 17034 
[1] requires RM producers to quantify the between-unit variation. This aspect is covered in 
between-unit homogeneity studies. 
The within-unit inhomogeneity does not influence the uncertainty of the certified value when 
the minimum sample intake is respected, but determines the minimum size of an aliquot that 
is representative for the whole unit. Quantification of within-unit inhomogeneity is therefore 
necessary to determine the minimum sample intake. 
4.1 Between-unit homogeneity 
The between-unit homogeneity was evaluated to ensure that the certified values of the CRM 
are valid for all units of the material, within the stated uncertainties. 
As reported in paragraph 3.2, in order to avoid aggregation of particles that would change the 
particle size distribution, no attempt was made to homogenise the powder obtained after 
each freeze-drying cycle.  
Therefore, the whole production batch was divided into five groups, where each group is 
equivalent to each freeze-drying cycle. From each group, five units were selected using a 
random stratified sampling scheme. For this, each group was divided into five subgroups 
(with a similar number of units) and one unit was randomly selected from each of these five 
subgroups. In total, 25 units were selected. Three independent samples were taken from 
each selected unit, and analysed by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Ions were extracted according to the procedure described either in CEN/TR 
16269:2001 or in EN 16913:2017 (i.e. samples were placed in tubes with water and 
extracted for 30 ± 5 minutes in ultrasonic bath) [16,17]. The measurements were performed 
under repeatability conditions and in a randomised manner to be able to separate a potential 
analytical drift from a trend in the filling sequence. Results were first screened to evaluate 
possible inhomogeneity due to the different freeze-drying cycles. All 633 vials obtained from 
the first freeze-drying cycle were excluded from further evaluation as the ions mass fractions 
to be certified were substantially lower in comparison with the four freeze-drying cycles that 
followed. As reported in paragraph 3.2 these units are not part of ERM-CZ110. The 
measurement results of the units from the other four freeze-drying cycles are shown as 
graphs in Annex A. 
Regression analyses were performed to evaluate potential trends in the analytical sequence 
as well as trends in the filling sequence. For some analytes, trends in the filling sequence or 
the analytical sequence were observed at a 95 % confidence level. Filling trends were 
observed for K+, Mg2+, Cl-, NO3- and NH4+. A significant (95 % confidence level) trend in the 
analytical sequence for Na+, K+, Mg2+, Cl-, NO3- and SO42- was visible, pointing at a changing 
parameter (e.g. a signal drift in the analytical system). The correction of biases, even if they 
are statistically not significant, was found to combine the smallest uncertainty with the 
highest probability to cover the true value [18]. Correction of trends is therefore expected to 
improve the sensitivity of the subsequent statistical analysis through a reduction in analytical 
variation without masking potential between-unit heterogeneities. As the analytical sequence 
and the unit numbers were not correlated, trends significant on at least a 95 % confidence 
level were corrected as shown in Equation 1:  
 
16 
ibxx icorri _  Equation 1 
b = slope of the linear regression 
i = position of the result in the analytical sequence 
 
The datasets, trend-corrected where necessary, were assessed for consistency using 
Grubbs outlier tests at a confidence level of 99 % on the individual results and on the unit 
means. One outlying individual result for Na+ and one for K+ were detected. Since no 
technical reason for the outliers could be found, all the data were retained for statistical 
analysis. In contrast, no outlying unit means were detected. 
Quantification of between-unit inhomogeneity was undertaken by analysis of variance 
(ANOVA), which separates the between-unit variation (sbb) from the within-unit variation (swb). 
The latter is equivalent to the method repeatability if the individual samples were 
representative for the whole unit.  
Evaluation by ANOVA requires mean values per unit, which follow at least a unimodal 
distribution and results for each unit that follow unimodal distributions with approximately the 
same standard deviations. The distribution of the mean values per unit was visually tested 
using histograms and normal probability plots. As too few data are available for the unit 
means in order to make a clear statement of the distribution, all individual data was visually 
checked for its unimodal distribution using histograms and normal probability plots. Minor 
deviations from unimodality of the individual values do not significantly affect the estimate of 
between-unit standard deviations. Results of all statistical evaluations are given in Table 3.  
 
Table 3: Results of the statistical evaluation of the homogeneity studies  
Measurand Trends 
(before correction) 1) 
Outliers 2) Distribution 
Analytical 
sequence 
Filling 
sequence 
Individual 
results 
Unit 
means 
Individual 
results 
Unit 
means 
Na+ yes no 1–statistical 
reason (retained) none unimodal unimodal 
K+ yes yes 1–statistical 
reason (retained) none unimodal unimodal 
Ca2+ no no none none unimodal unimodal 
Mg2+ yes yes none none unimodal unimodal 
NH4+ no yes none none unimodal unimodal 
Cl- yes yes none none unimodal unimodal 
NO3- yes yes none none unimodal unimodal 
SO42- yes no none none unimodal unimodal 
1) 95 % confidence level 
2) 99 % confidence level 
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It should be noted that sbb,rel and swb,rel are estimates of the true standard deviations and are 
therefore subject to random fluctuations. Consequently, the mean squares between groups 
(MSbetween) can be smaller than the mean squares within groups (MSwithin), resulting in 
negative arguments under the square root used for the estimation of the between-unit 
variation, whereas the true variation cannot be lower than zero. In this case, u*bb, the 
maximum inhomogeneity that could be hidden by method repeatability, was calculated as 
described by Linsinger et al. [19]. u*bb is comparable to the LOD of an analytical method, 
yielding the maximum inhomogeneity that might be undetected by the given study setup.  
Method repeatability (swb,rel), between–unit standard deviation (sbb,rel) and u*bb,rel were 
calculated as:  
 
y 
within
rel,wb
MS
s   Equation 2 
y
n
MSMS
s
withinbetween
rel,bb

  Equation 3 
y
νn
MS
u MSwithin
within
*
rel,bb
4
2
  Equation 4 
MSwithin mean of squares within-unit from an ANOVA  
MSbetween mean of squares between-unit from an ANOVA 
y  mean of all results of the homogeneity study 
n mean number of replicates per unit 
MSwithinν  degrees of freedom of MSwithin  
 
When a trend in the filling sequence was significant at least at 95 % confidence level, the 
uncertainty was assessed in a different way. This applies for K+, Mg2+, Cl-, NO3- and NH4+. 
Here, urec was estimated using a rectangular distribution between the highest and lowest unit 
mean. The corrected uncertainty in those cases where there was a significant trend in the 
filling sequence is given as: 
 
y 
est resultsult - lowhighest re
u rec


32
 Equation 5 
 
The results of the evaluation of the between-unit variation are summarised in Table 4. The 
resulting values from the above equations were converted into relative uncertainties. 
For Na+, Ca2+ and SO42-, no outlying unit means or trends in the filling sequence were found. 
Therefore, the between-unit standard deviation can be used as estimate of ubb. As u*bb sets 
the limits of the study to detect inhomogeneity, the larger values of sbb and u*bb are adopted 
as uncertainty contribution to account for potential inhomogeneity. 
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For all other ions (K+, Mg2+, NH4+, Cl- and NO3-), trends in the filling sequence were found. In 
these cases, the inhomogeneity was quantified as urec and used as estimate of ubb. 
In the case of NH4+, the ubb value is quite large. This is also visible in Figure A1, Annex A. 
However, it was decided to evaluate its stability and assess the mass fraction value in order 
to have an indicative value of this water-soluble ion in the ERM-CZ110 (see Section 7.2). 
 
Table 4: Results of the homogeneity study 
Mass fraction in 
ERM-CZ110 
swb,rel 
[%] 
sbb,rel 
[%] 
u*bb,rel 
[%] 
urec,rel 
[%] 
ubb,rel 
[%] 
Na+ 3.0 2.1 0.8 n.a. 2.1 
K+ 3.2 2.8 0.9 3.8 3.8 
Ca2+ 8.0 3.6 2.2 n.a. 3.6 
Mg2+ 4.5 5.5 1.2 6.0 6.0 
NH4+ 4.4 13.9 1.2 13.8 13.8 
Cl- 2.8 1.9 0.8 2.7 2.7 
NO3- 3.0 2.0 0.8 3.1 3.1 
SO42- 7.1 4.5 1.9 n.a. 4.5 
n.a.: not applicable 
4.2 Within-unit homogeneity and minimum sample intake 
The within-unit homogeneity is closely correlated to the minimum sample intake. The 
minimum sample intake is the minimum amount of sample that is representative for the 
whole unit and thus should be used in an analysis. Using sample sizes equal or above the 
minimum sample intake guarantees the certified value within its stated uncertainty.  
Study of decreasing sample intakes 
To estimate the minimum sample intake, a series of measurements with decreasing amounts 
of sample on four randomly selected units was performed. The following sample intakes 
were tested: 25, 20, 15, 10 and 5 mg. For each sample intake six samples were measured 
by IC-CD (anions), ICP-OES (cations) and CFA photometry (NH4+) under repeatability 
conditions and in a randomised manner. The same extraction procedure as described in 
CEN/TR 16269:2001 or in EN 16913:2017 was applied. The measurement method was 
robust over the whole range of the sample intake tested and its repeatability was in the same 
range or better than the repeatability achieved during the material characterisation 
(Section 6). 
The obtained data sets (all sample intakes taken together) were first tested whether they 
followed a normal, or at least unimodal distribution. This was done by visual inspection of 
normal probability plots and histograms (if the data do not follow at least a unimodal 
distribution, the calculation of standard deviations is doubtful or impossible). All results were 
normally and unimodally distributed. 
Furthermore, the results (all sample intakes taken together) were scrutinised for outliers 
using the single Grubbs-test. No outliers were detected at 95 % or 99 % confidence level. 
The minimum sample intake was established by comparison of variances obtained for 5, 10, 
15 and 20 mg sample intakes with the variance obtained for 25 mg sample intakes. This was 
done using an F-test for equality of two samples for variances with 5 degrees of freedom and 
a confidence level of 95 %. 
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The obtained results are presented in Annex B. 
As no difference was observed for all comparisons at 95 % confidence level, the minimum 
sample intake representative for all analytes is 5 mg. 
5 Stability 
Time, temperature, light (including ultraviolet radiation) and water content were regarded as 
the most relevant influences on the stability of the material. The influence of ultraviolet or 
visible light was minimised by storing the material in containers which reduce light exposure 
(see Figure 2). In addition, materials are stored in the dark and dispatched in boxes, thus 
removing any possibility of degradation by light. The water content was controlled throughout 
the whole processing and the filling was done in a glove box constantly flushed with nitrogen. 
Therefore, only the influences of time and temperature needed to be investigated. 
Stability testing is necessary to establish the conditions for storage (long-term stability) as 
well as the conditions for dispatch of the materials to the customers (short-term stability). 
During transport, especially in summer time, temperatures up to 60 °C can be reached and 
stability under these conditions must be demonstrated, if the samples are to be transported 
without any additional cooling. 
The stability studies were carried out using an isochronous design [20]. In this approach, 
samples were stored for a particular length of time at different temperature conditions. 
Afterwards, the samples were moved to conditions where further degradation can be 
assumed to be negligible (reference conditions). At the end of the isochronous storage, the 
samples were analysed simultaneously under repeatability conditions. Analysis of the 
material (after various exposure times and temperatures) under repeatability conditions 
greatly improves the sensitivity of the stability tests.  
5.1 Short-term stability study 
For the short-term stability study, samples were stored at 18 °C and 60 °C for 0, 1, 2 and 4 
weeks (at each temperature). The reference temperature was set to -20 °C. Two units per 
storage time were selected using a random stratified sampling scheme. From each unit, 
three samples were measured by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Ions were extracted according to the procedure described either in 
CEN/TR 16269:2001 or in EN 16913:2017 (i.e. samples were placed in tubes with water and 
extracted for 30 ± 5 minutes in ultrasonic bath). The measurements were performed under 
repeatability conditions and a randomised sequence was used to differentiate any potential 
analytical drift from a trend over storage time. 
The data were evaluated individually for each temperature. The results were screened for 
outliers using the single and double Grubbs test on a confidence level of 99 %. Three 
outlying individual results were found: one for Na+, one for K+ and one for Mg2+ (Table 5). As 
no technical reason for the outliers could be found all data were retained for statistical 
analysis.  
In addition, the data were evaluated against storage time, and regression lines of mass 
fraction versus time were calculated to test for potential increase/decrease of the ion mass 
fraction due to shipping conditions. The slopes of the regression lines were tested for 
statistical significance. None of the trends was statistically significant at a 95 % confidence 
level at 18 °C. On the other hand, for samples stored at 60 °C, NH4+ shows a significant trend 
at a 95% confidence level. This behaviour was also observed during the processing of the 
material where it was found that the ammonium cation mass fraction was decreasing at 
higher temperatures. 
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The results of the measurements are shown in Annex C. The results of the statistical 
evaluation of the short-term stability are summarised in Table 5. 
 
Table 5: Results of the short-term stability tests 
Mass fraction in 
ERM-CZ110 
Number of individual 
outlying results 1) 
Significance of the trend 2) 
 18 ºC 60 ºC 18 ºC 60 ºC 
Na+ 1 none no no 
K+ 1 none no no 
Ca2+ none none no no 
Mg2+ 1 none no no 
NH4+ none none no yes 
Cl- none none no no 
NO3- none none no no 
SO42- none none no no 
1) 99 % confidence level 
2) 95 % confidence level 
 
Three statistical outliers were detected: one for Na+, K+ and Mg2+ each; these were retained 
for the estimation of usts. A significant negative trend at 60 °C was found only for NH4+, but 
the material appeared to be stable at 18 °C. For this reason, a conservative approach was 
chosen and the material shall be shipped under cooled conditions. 
5.2 Long-term stability study 
For the long-term stability study, samples were stored at 4 °C and 18 °C for 0, 6, 12 and 18 
months (at each temperature). The reference temperature was set to -20 °C. Two units per 
storage time were selected using a random stratified sampling scheme. From each unit, 
three samples were measured by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Ions were extracted according to the procedure described either in 
CEN/TR 16269:2001 or in EN 16913:2017 (i.e. samples were placed in tubes with water and 
extracted for 30 ± 5 minutes in ultrasonic bath). The measurements were performed under 
repeatability conditions, in a random sequence to be able to separate any potential analytical 
drift from a trend over storage time. 
During the measurements, it was observed that five units (from which four refer to units kept 
at 18 ºC) presented a very high relative standard deviation (RSD). This was due to very high 
or very low ion mass fraction measured in one of the three sample extracts. This 
inhomogeneity issue was not observed during homogeneity, minimum sample intake and 
short-term stability studies. Therefore, the results of the deviating measurements were 
attributed to a not well-identified technical problem which occurred during sample extraction. 
These samples were not retained for statistical evaluation. A fourth sample from these five 
units was re-measured and retained for statistical evaluation. With this sample, the RSD of 
the measurements of the five units was in line with the RSD of the measurements of all other 
units.  
The long-term stability data of the retained sample measurements were evaluated 
individually for each temperature. The results were screened for outliers using the single and 
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double Grubbs test at a confidence level of 99 %. One outlying individual result was found for 
Cl- at 18 °C (Table 6). As no technical reason for the outlier could be found all data were 
retained for statistical analysis.  
In addition, the data were plotted against storage time and linear regression lines of mass 
fraction versus time were calculated. The slopes of the regression lines were tested for 
statistical significance (loss/increase due to storage). No significant trend was detected for all 
analytes at a 95 % confidence level. 
The results of the long-term stability measurements are shown in Annex C. The results of the 
statistical evaluation of the long-term stability study are summarised in Table 6. 
 
Table 6: Results of the long-term stability tests 
Mass fraction in 
ERM-CZ110 
Number of individual 
outlying results 1) 
Significance of the trend 2)  
 4 ºC 18 ºC 4 ºC 18 ºC 
Na+ none none no no 
K+ none none no no 
Ca2+ none none no no 
Mg2+ none none no no 
NH4+ none none no no 
Cl- none 1 no no 
NO3- none none no no 
SO42- none none no no 
1) 99 % confidence level 
2) 95 % confidence level 
 
One technically unexplained outlier (at 99 % confidence level) was observed for Cl- at 18 °C 
and none of the trends was statistically significant on a 95 % confidence level for any of the 
temperatures. The material appears to be stable at 18 °C. However, in view of the 
inhomogeneity issue described above that appeared during extraction of some units kept at 
18 ºC, a conservative approach was used. In this way losses of NH4+ that might appear at 
higher temperature (certainly at 60 °C, as observed during the short-term stability study) are 
also covered. The material shall therefore be stored at 4 °C. 
5.3 Estimation of uncertainties 
Due to the intrinsic variation of measurement results, no study can entirely rule out 
degradation of materials, even in the absence of statistically significant trends. It is therefore 
necessary to quantify the potential degradation that could be hidden by the method 
repeatability or intermediate precision, i.e. to estimate the uncertainty of stability. This means 
that, even under ideal conditions, the outcome of a stability study can only be that there is no 
detectable degradation within an uncertainty to be estimated.  
The uncertainties of stability for each analyte during dispatch and storage were estimated, as 
described in [21]. In this approach, the uncertainty of the linear regression line with a slope of 
zero was calculated. The uncertainty contributions usts and ults were calculated as the product 
of the chosen transport time/shelf life and the uncertainty of the regression lines as: 
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srel  relative standard deviation of all results of the stability study 
ti time elapsed at time point i 
t  mean of all ti   
ttt chosen transport time (1 week at 18 ºC) 
tsl chosen shelf life (18 months at 4 ºC) 
 
The following uncertainties were estimated: 
- usts,rel, the uncertainty of degradation during dispatch. This was estimated from the 
18 °C studies. The uncertainty describes the possible change during a dispatch at 
18 °C lasting for one week. 
- ults,rel, the stability during storage. This uncertainty contribution was estimated from 
the 4 °C studies. The uncertainty contribution describes the possible degradation 
during an 18-months storage at 4 °C.  
The results of these evaluations are summarised in Table 7. 
 
Table 7: Uncertainties of stability during dispatch and storage. usts,rel was calculated for a 
temperature of 18 °C and 1 week; ults,rel was calculated for a storage temperature 
of 4 °C and 18 months 
Mass fraction in 
ERM-CZ110 
usts ,rel [%] ults,rel [%] 
Na+ 1.0 3.7 
K+ 1.1 3.8 
Ca2+ 1.2 8.9 
Mg2+ 1.3 6.0 
NH4+ 2.0 6.4 
Cl- 0.4 1.9 
NO3- 0.5 2.2 
SO42- 1.1 7.3 
 
The uncertainty related to degradation during transport was later found to be negligible 
because  less than 1/3 of the largest standard uncertainty contribution (see Section 7.1). 
The material showed significant degradation at 60 °C but no significant degradation was 
observed for transport below 18 °C. Cooled shipment is therefore necessary. 
The material shall be stored at 4 °C. 
23 
After the certification study, the ERM-CZ110 will be included in the JRC's regular stability 
monitoring programme in order to control its further stability. 
6 Characterisation 
Material characterisation is the process of determining the property values of a reference 
material. 
This was based on an inter-laboratory comparison of expert laboratories, i.e. the properties 
of the material were determined in different laboratories that applied different measurement 
procedures to demonstrate the absence of a measurement bias. This approach aims at 
randomisation of laboratory bias, which reduces the combined uncertainty. 
6.1 Selection of participants 
Fifteen laboratories were selected based on criteria that comprised both technical 
competence and quality management aspects. Each participant was required to operate a 
quality system and to deliver documented evidence of its laboratory proficiency in the field of 
water-soluble ions measurement in relevant matrices by submitting results for 
intercomparison exercises or method validation reports. The total content of Na, K, Ca and 
Mg after acid digestion or with alternative no sample preparation techniques was also 
measured in order to assign additional information values in the ERM-CZ110. Also in this 
case, each participant was required to operate a quality system and deliver documented 
evidence of its laboratory proficiency by submitting results for intercomparison exercises or 
method validation reports. Having a formal accreditation was not mandatory, but meeting the 
requirements of ISO/IEC 17025 was obligatory. Where measurements are covered by the 
scope of accreditation, the accreditation number is stated in the list of participants (Section 
2). 
6.2 Study setup 
Each laboratory received at least two units of ERM-CZ110 and was requested to provide six 
independent results from two units (three per unit). Laboratories that received more than two 
units were those that requested a higher sample intake for their analytical methods. 
Laboratories were allowed to measure the whole set of analytes or a certain group (i.e. 
elements only, ions only, etc.). For those that applied water–soluble ion measurements strict 
adherence to the extraction procedure described in CEN/TR 16269:2001 or in 
EN 16913:2017 was requested. The units for material characterisation were selected using a 
random stratified sampling scheme and covered the whole batch. 
Each participant also received a sample of ERM-CA408 (Simulated rainwater CRM, EC-
JRC) and/or ERM-CA616 (Groundwater CRM, EC-JRC) as blinded quality control (QC) 
samples. Each participant that measured elements for the additional information values (as 
explained in Section 7.3) received a sample of NIES CRM No28 (Urban Aerosols CRM, 
National Institute for Environmental Studies, Japan) as blinded QC sample. The results 
coming from the analysis of these samples were used to support the evaluation of the 
characterisation results. 
Laboratories were also requested to give estimations of the expanded uncertainties of the 
mean value of the six results. No approach for the estimation was prescribed, i.e. top-down 
and bottom-up were regarded as equally valid procedures. 
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6.3 Methods used 
For the determination of the mass fraction of water-soluble ions (Na+, K+, Ca2+, Mg2+, NH4+, 
Cl-, NO3- and SO42-), all laboratories used the extraction procedure described in 
CEN/TR 16269:2001 or in EN 16913:2017 (i.e. samples were placed in tubes with water and 
extracted for 30 ± 5 minutes in ultrasonic bath). The quantification step was performed with 
IC-CD (cations and anions), ICP-OES/-MS (cations) and/or CFA photometry (NH4+). These 
are methods allowed in EN 16913:2017. For the determination of the mass fraction of 
elements (Na, K, Ca and Mg), a variety of digestion methods with different quantification 
steps (ICP-OES or ICP-MS) as well as methods without sample preparation (INAA) were 
used to characterise the material. The combination of results from methods based on 
completely different principles mitigates undetected method bias. 
All measurement procedures used during the characterisation study are summarised in 
Annex E. The laboratory code (e.g. L01) is a random number and does not correspond to the 
order of laboratories in Section 2. The laboratory method code consists of a number 
assigned to each laboratory (e.g. L01) and abbreviation of the measurement method used, 
(e.g. IC-CD, ICP-OES, etc.). One laboratory (L15) offered to measure the same elements 
following two different digestion procedures and therefore, it is identified either as L15/1 or 
L15/2. 
6.4 Evaluation of results 
The characterisation study resulted in ten datasets per cation, nine datasets per ammonium 
cation and anion and fourteen datasets per element. All individual results of the participants, 
grouped per analyte, are displayed in tabular and graphical form in Annex F.  
6.4.1 Technical evaluation 
The obtained data were first checked for compliance with the requested analysis protocol 
and for their validity based on technical reasons. The following criteria were considered 
during the evaluation:  
- appropriate validation of the measurement procedure 
- compliance with the analysis protocol 
- absence of values given as below limit of detection (LOD) or below limit of 
quantification (LOQ) 
- method performance, i.e. agreement of the measurement results with the assigned 
value of the QC sample 
Based on the above criteria, the following datasets were rejected as not technically valid 
(Table 8). All rejected datasets were due to the not agreement of the measurement results 
with the QC samples. In particular, for elements determination, it was observed that some of 
the digestion methods applied by the laboratories (see Annex E) did not allow full recovery of 
all four elements. HF or HBF4 are in fact needed in order to digest silicate compounds 
present in the NIES No28 CRM matrix [22]. Even though this seems to be less of a problem 
for the ERM-CZ110, it was decided to exclude all laboratory results that failed to measure the 
QC samples in agreement with the above reported criteria. 
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Table 8: Datasets that showed non-compliance with the analysis protocol and technical 
specifications, and action taken 
Mass fraction in 
ERM-CZ110 
Lab code Description of problem Action taken 
Na+ L10 
Result for the QC did not agree 
with the assigned value  
not used for 
evaluation 
Ca2+ L08, L10 
Result for the QC did not agree 
with the assigned value  
not used for 
evaluation 
Mg2+ L06, L08, L10 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
NH4+ L06, L10 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
Na 
L02, L04, L05, L08, 
L09, L13 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
K 
L02, L04, L05, L08, 
L09, L13 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
Ca L04, L08 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
Mg 
L02, L04, L08, L12, 
L15/2 
Result for the QC did not agree 
with the assigned value 
not used for 
evaluation 
6.4.2 Statistical evaluation 
The datasets accepted based on technical reasons were tested for normality of dataset 
means using kurtosis/skewness tests and normal probability plots and were tested for 
outlying means using the Grubbs test and for outlying standard deviations using the Cochran 
test (both at a 99 % confidence level). Standard deviations within (swithin) and between 
(sbetween) laboratories were calculated using one-way ANOVA. The results of these 
evaluations are shown in Table 9. 
The laboratory means follow normal distributions and none of the data contains outlying 
means. The statistical evaluation, however, flagged laboratory L13 as outlying variance for 
water-soluble ions Cl- and NO3- and laboratory L10 for the element Na. Two approaches 
have been taken to analyse this situation. As all laboratories used the same method for the 
determination of water-soluble anions (extraction according to the procedure described in 
CEN/TR 16269:2001 or in EN 16913:2017 and analysis by IC-CD), this demonstrates that 
laboratory L13's proficiency in applying the method is significantly worse than the one of the 
other laboratories. The dataset of laboratory L13 was therefore removed. After removal, 
statistical evaluation was repeated. The mean of means was 26.19 g/kg and 7.82 g/kg with a 
standard deviation of 1551 mg/kg and 461 mg/kg for Cl- and NO3-, respectively. The Grubbs 
test of this second evaluation flagged laboratory L08 as an outlier for the water-soluble Cl- at 
99 % confidence level. However, it must be borne in mind that outlier tests do not take into 
consideration any information regarding uncertainty. In fact, a closer investigation, reveals 
that the difference between the mean value of laboratory L08 and the other results is covered 
by the measurement uncertainty of the same laboratory. Therefore, there is no evidence that 
the results of laboratory L08 deviate from the other results and so its results were retained. 
On the contrary, the total content of Na in the ERM-CZ110 was measured with different 
methods. Therefore, the outlying variance merely reflects the fact that the different methods 
have different intrinsic variability. As all measurement methods were found technically sound, 
all results, including those of laboratory L10, were retained. 
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Table 9: Statistical evaluation of the technically accepted datasets for ERM-CZ110. 
p: number of technically valid datasets 
Mass 
fraction in 
ERM-CZ110 
p 
Outliers 
Normally 
distributed 
Statistical parameters 
Means Variances 
Mean 
[g/kg] 
s 
[g/kg] 
sbetween 
[g/kg] 
swithin 
[g/kg] 
Na+ 9 none none yes 20.40 1.30 1.28 0.43 
K+ 10 none none yes 3.25 0.49 0.48 0.11 
Ca2+ 8 none none yes 44.4 4.1 4.1 1.3 
Mg2+ 7 none none yes 1.77 0.11 0.11 0.06 
NH4+ 7 none none yes 1.34 0.12 0.11 0.09 
Cl- 8 1 none yes 26.19 1.55 1.53 0.63 
NO3- 8 none none yes 7.82 0.46 0.46 0.18 
SO42- 9 none none yes 74.6 2.4 2.3 1.7 
Na 8 none 1 yes 23.2 1.1 1.1 0.6 
K 8 none none yes 8.49 0.55 0.55 0.19 
Ca 12 none none yes 64.6 4.3 4.2 1.9 
Mg 9 none none yes 9.20 0.61 0.60 0.28 
 
After correction, the datasets are consistent and the mean of laboratory means is a good 
estimate of the true value. Standard deviations between laboratories are considerably larger 
than the standard deviation within laboratories, showing that confidence intervals of replicate 
measurements are unsuitable as estimates of measurement uncertainty. 
Finally, it should also be borne in mind that the methods used in the characterisation are 
methods routinely applied for measuring the content of water-soluble ions or elements in 
PM2,5. The agreement of results demonstrates that the processing did not affect any 
properties relevant to these methods and that the ERM-CZ110 behaves like a real sample. 
The uncertainty related to the characterisation (uchar) is estimated as the standard error of the 
mean of laboratory means (Table 10). 
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Table 10: Uncertainty of characterisation for ERM-CZ110. 
p: number of datasets used for characterisation 
Mass fraction in 
ERM-CZ110 
p 
Mean 
[g/kg] 
s 
[g/kg] 
uchar 
[g/kg] 
Na+ 9 20.40 1.30 0.43 
K+ 10 3.25 0.49 0.15 
Ca2+ 8 44.4 4.1 1.5 
Mg2+ 7 1.77 0.11 0.04 
NH4+ 7 1.34 0.12 0.04 
Cl- 8 26.19 1.55 0.55 
NO3- 8 7.82 0.46 0.16 
SO42- 9 74.6 2.4 0.8 
Na 8 23.2 1.1 0.4 
K 8 8.49 0.55 0.20 
Ca 12 64.6 4.3 1.2 
Mg 9 9.20 0.61 0.20 
 
7 Value Assignment 
Certified, indicative and informative values were assigned. 
Certified values are values that fulfil the highest standards of accuracy. Procedures at the 
JRC, Directorate F require generally pooling of not less than 6 datasets to assign certified 
values. Full uncertainty budgets in accordance with the 'Guide to the Expression of 
Uncertainty in Measurement' [4] were established.  
Indicative values are values where either the uncertainty is deemed too large or where too 
few independent datasets were available to allow certification. Uncertainties are evaluated 
according to the same rules as for certified values. 
Additional material information refers to values that were obtained in the course of the study. 
Measurement results of elements Na, K, Ca and Mg fall in this category because their mass 
fraction is much higher (expect for Na) than their respective water soluble ions. This means 
that for a correct estimation of the measurement uncertainty separate homogeneity and 
stability studies should have been performed, which is not the case in this study. 
7.1 Certified values and their uncertainties 
The unweighted mean of the means of the accepted datasets as shown in Table 10 was 
assigned as certified value for each parameter.  
The assigned uncertainty consists of uncertainties relating to characterisation, uchar (Section 
0), potential between-unit inhomogeneity, ubb (Section 4.1), and potential degradation during 
transport, usts, and long-term storage, ults (Section 5). The uncertainty related to degradation 
during transport was found to be negligible because less than 1/3 of the largest uncertainty 
contribution [4]. These different contributions were combined to estimate the relative 
expanded uncertainty of the certified value (UCRM, rel) with a coverage factor k given as:  
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UCRM, rel= k · ඥubb, rel
2  + ults, rel
2  + uchar, rel
2  Equation 5 
- uchar was estimated as described in Section 6 
- ubb was estimated as described in Section 4.1. 
- ults were estimated as described in section 5.3 
 
Because of the sufficient number of the degrees of freedom of the different uncertainty 
contributions, a coverage factor k of 2 was applied, to obtain the expanded uncertainties 
[2,4]. 
The certified values and their uncertainties are summarised in Table 11. 
 
Table 11: Certified values and their uncertainties for ERM-CZ110 
Mass fraction in 
ERM-CZ110 
Certified value 1) 
[g/kg] 
uchar 
[g/kg] 
ubb 
[g/kg] 
ults 
[g/kg] 
UCRM 2) 
[g/kg] 
Na+ 20.4 0.43 0.43 0.76 2.0 
K+ 3.3 0.15 0.12 0.12 0.5 
Ca2+ 44 1.5 1.6 3.9 9 
Mg2+ 1.8 0.04 0.11 0.11 0.4 
Cl- 26.2 0.55 0.71 0.49 2.1 
NO3- 7.8 0.16 0.24 0.17 0.7 
SO42- 75 0.8 3.4 5.5 13 
1) Rounded value 
2) Expanded (k = 2) and rounded uncertainty 
 
7.2 Indicative values and their uncertainties 
An indicative value was assigned for NH4+. As already mentioned in Section 4.1, the ubb 
value of NH4+ is quite large. This is probably due to the processing procedure and to the fact 
that the powder obtained in the different freeze-drying cycles was not homogenised. This is 
also visible in Annex A, Figure A1. However, stability and characterisation measurements are 
available. The latter have been obtained from 7 different laboratories using two different 
quantification steps: IC-CD and CFA photometry. Therefore, although with a quite large 
uncertainty, the result was regarded as sufficiently trustworthy for assessing an indicative 
value. An indicative value, however, may not be used as certified value. The uncertainty 
budgets were set up as for the certified values and are listed together with the assigned 
value in Table 12. 
 
Table 12: Indicative values and their uncertainties for ERM-CZ110 
Mass fraction in 
ERM-CZ110 
Indicative value 
[g/kg] 1) 
uchar 
[g/kg] 
ubb  
[g/kg] 
ults 
[g/kg] 
UCRM 2) 
[g/kg] 
NH4+ 1.3 0.04 0.19 0.09 0.5 
1) Rounded value 
2) Expanded (k = 2) and rounded uncertainty 
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7.3 Additional material information 
The data provided in this section should be regarded as informative only on the general 
composition of the material and cannot be, in any case, used as certified or indicative value. 
 
Additional material information values were assigned for the elements Na, K, Ca and Mg in 
the ERM-CZ110. Measurement results and evaluation of these elements have been already 
reported in Section 6. Only additional material information values were assigned because 
homogeneity and stability studies were not performed assuming that the difference between 
water-soluble ions and elements would have been negligible or very small. Since this is not 
the case (except for Na, see Table 10), it means that the between-unit inhomogeneity and 
the degradation during transport and long-term stability were tested only on a minor fraction 
of these elements. For this reason, additional material information values were assigned 
without uncertainty, as reported in Table 13. Individual results and the description of the 
methods applied by the laboratories are reported in Annex G and F, respectively. 
 
Table 13: Additional material information values for ERM-CZ110 
Mass fraction in 
ERM-CZ110 
Additional material information value 
[g/kg] 1) 
Na 23 
K 8.5 
Ca 65 
Mg 9.2 
1) Rounded value 
8 Metrological traceability and commutability 
8.1 Metrological traceability  
Identity  
The mass fractions of the elements Na, K, Ca and Mg are clearly defined properties. The 
participants used different methods for the sample preparation as well as for the final 
determination, demonstrating absence of measurement bias. The measurand is therefore 
structurally defined and independent of the measurement method. However, since no 
information regarding between-unit inhomogeneity and degradation during transport and 
long-term storage is available, the mass fractions of elements are only reported as additional 
material information values. 
The mass fractions of the water-soluble ions Na+, K+, Ca2+, Mg2+, NH4+, Cl-, NO3- and SO42- 
are method-defined measurands and can only be obtained by following the procedure 
described in either CEN/TR 16269:2011 or EN 16913:2017. Adherence to this procedure 
was confirmed by agreement of the laboratories' results with the assigned value for the CRM 
that was used as quality control sample. The measurands are therefore operationally defined 
by these methods and in particular by the extraction procedure described in there. 
Quantity value 
For the mass fraction of the elements Na, K, Ca and Mg, only validated methods were used 
for the determination of the assigned values. Different calibrants and calibrants of known 
purity and specified traceability of their assigned values were used and all relevant input 
parameters were calibrated. The individual results are therefore traceable to the SI, as it is 
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also confirmed by the agreement among the technically accepted datasets. As the assigned 
values are combinations of agreeing results individually traceable to the International System 
of units (SI), the assigned quantity values themselves are traceable to the SI as well. Once 
again, the mass fractions of elements are only reported as additional material information 
values. 
For the mass fraction of the water-soluble ions Na+, K+, Ca2+, Mg2+, NH4+, Cl-, NO3- and SO42-, 
traceability of the obtained results is based on the traceability of all relevant input factors. 
Instruments in individual laboratories were verified and calibrated with tools ensuring 
traceability to the International System of units (SI). Consistency in the inter-laboratory 
comparison demonstrates that all relevant input factors were covered. As the assigned 
values are combinations of agreeing results individually traceable to the SI, the assigned 
quantity values themselves are traceable to the SI as well. 
8.2 Commutability 
Many measurement procedures include one or more steps which select specific (or specific 
groups of) analytes from the sample for the subsequent whole measurement process. Often 
the complete identity of these 'intermediate analytes' is not fully known or taken into account. 
Therefore, it is difficult to mimic all analytically relevant properties of real samples within a 
CRM. The degree of equivalence in the analytical behaviour of real samples and a CRM with 
respect to various measurement procedures (methods) is summarised in a concept called 
'commutability of a reference material'. There are various definitions that define this concept. 
For instance, the CLSI Guideline C53-A [23] recommends the use of the following definition 
for the term commutability: 
"The equivalence of the mathematical relationships among the results of different 
measurement procedures for an RM and for representative samples of the type intended 
to be measured." 
The commutability of a CRM defines its fitness for use and is therefore a crucial 
characteristic when applying different measurement methods. When the commutability of a 
CRM is not established, the results from routinely used methods cannot be legitimately 
compared with the certified value to determine whether a bias does not exist in calibration, 
nor can the CRM be used as a calibrant. 
ERM-CZ110 was produced from a road tunnel dust by the procedure reported in Section 3. 
The analytical behaviour was checked by comparison of ERM-CZ110 with real environmental 
PM2,5 samples collected in Antwerp region, Belgium. The extractability of ions in ERM-CZ110 
is the same as for authentic air-sampled PM2,5 as described by Charoud-Got et al. [14]. This 
was not the case for samples of the same road tunnel dust simply milled to a very fine 
powder as reported by Emma et al. [15]. Ions in authentic air-sampled PM2,5 can be fully 
extracted and measured according to the procedure specified in either CEN/TR 16269:2011 
or EN 16913:2017. Therefore ERM-CZ110 is commutable to measurements of authentic air-
sampled PM2,5 by either CEN/TR 16269:2011 or EN 16913:2017. 
On the other hand, even though they are not certified, the analytical behaviour for the 
extraction and measurements of elements (i.e., the total content of Na, K, Ca and Mg) is 
expected to be the same as for authentic air-sampled PM2,5 samples. In fact, the agreement 
of results from the different analytical methods and digestion procedures used in the 
characterisation demonstrates that the processing did not affect any properties relevant for 
the determination of elements. 
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9 Instructions for use 
9.1 Safety information 
The usual laboratory safety measures apply. As the material consists of fine particles, 
appropriate protection against inhalation is also recommended. 
9.2 Storage conditions 
The materials should be stored at (4 ± 3) °C in the dark. 
Please note that the European Commission cannot be held responsible for changes that 
happen during storage of the material at the customer's premises, especially for opened 
vials. 
9.3 Preparation and use of the material 
The material must be re-homogenised by repeatedly turning over the bottle for at least two 
minutes before opening. 
Care should be taken to avoid any change in the moisture content once the units are open, 
as the material is slightly hygroscopic. To maintain the pick-up of water below 1 % relative to 
the mass, the maximum handling time should be about 15 minutes (see Figure 5, Section 3). 
The user should close any vial immediately after taking a sample. 
For ions measurements, samples should be extracted according to the procedure described 
either in CEN/TR 16269:2001 or in EN 16913:2017 (i.e. samples were placed in tubes with 
water and extracted for 30 ± 5 minutes in ultrasonic bath). Detailed procedures applied by 
laboratories during the characterisation study are reported in Annex E. 
9.4 Minimum sample intake 
The minimum sample intake representative for all parameters is 5 mg.  
9.5 Use of the certified value 
The main purpose of this material is to assess method performance, i.e. for checking 
accuracy of analytical results. As any reference material, it can be used for establishing 
control charts or validation studies. 
Use as a calibrant 
It is not recommended to use this matrix material as calibrant. If used nevertheless, the 
uncertainty of the certified values shall be taken into account in the estimation of the 
measurement uncertainties. 
Comparing an analytical result with the certified value 
A result is unbiased if the combined standard uncertainty of measurement and certified value 
covers the difference between the certified value and the measurement result (see also ERM 
Application Note 1, [24]).  
When assessing the method performance, the measured values of the CRMs are compared 
with the certified values. The procedure is summarised here:  
- Calculate the absolute difference between mean measured value and the certified 
value (meas). 
32 
- Combine the measurement uncertainty (umeas) with the uncertainty of the  
certified value (uCRM): 22
CRMmeas uuu   
- Calculate the expanded uncertainty (U) from the combined uncertainty (u,) using an 
appropriate coverage factor, corresponding to a level of confidence of approximately 
95 % 
- If meas  U then no significant difference exists between the measurement result 
and the certified value, at a confidence level of approximately 95 %. 
Use in quality control charts 
The material can be used for quality control charts. Using CRMs for quality control charts has 
the added value that a trueness assessment is built into the chart. 
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Annexes 
Annex A: Results of the homogeneity measurements 
Analytical method applied: sample extraction procedure according to CEN/TR 16269:2001 or 
EN 16913:2017; quantification by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Measurements performed under repeatability conditions, and in a randomised 
manner. Results of the measurements of the first freeze-drying cycle were not used. 
Na+, K+, Mg2+, Cl-, NO3- and SO42- presented a trend in the analytical sequence and were 
corrected according to Equation 1. The results shown in this Annex are the corrected values. 
K+, Mg2+, Cl-, NO3- and NH4+ presented a trend in the filling sequence. For these analytes, urec 
was used to estimate the ubb. 
 
Figure A1: Data of the homogeneity study. The graphs report the unit means ± confidence 
interval of the means (same CI calculated from swb from ANOVA for all units) 
expressed as mass fraction. Figure continues in the next pages. 
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Annex B: Results of the minimum sample intake measurements  
Analytical method applied: sample extraction procedure according to CEN/TR 16269:2001 or EN 16913:2017; quantification by IC-CD (anions), 
ICP-OES (cations) and CFA photometry (NH4+). Measurements performed under repeatability conditions, and in a randomised manner. 
 
Table B1: Measurement results for different sample intakes (6 independent replicates per sample intake) as reported by the laboratory 
 25 mg sample intake 20 mg sample intake 15 mg sample intake 10 mg sample intake 5 mg sample intake 
 
Mass fraction 
[mg/kg] 
s 
[mg/kg] 
Mass fraction 
[mg/kg] 
s 
[mg/kg] 
Mass fraction 
[mg/kg] 
s 
[mg/kg] 
Mass fraction 
[mg/kg] 
s 
[mg/kg] 
Mass fraction 
[mg/kg] 
s 
[mg/kg] 
Na+ 19905 1848 20521 1657 19289 1676 19339 1139 21504 1500 
K+ 3013 281 3135 272 2963 253 2953 188 3397 231 
Ca2+ 39764 3016 36381 4857 37265 5263 32284 3155 42700 3427 
Mg2+ 1632 142 1753 160 1637 149 1591 137 1893 131 
NH4+ 994 115 1490 134 1367 120 1663 96 1828 120 
Cl- 25800 1910 27767 2240 26017 2166 26850 1169 29533 2304 
NO3- 7788 547 8410 681 7915 676 8195 347 9188 682 
SO42- 67600 6292 70317 8445 68517 8299 63033 5529 80433 5847 
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Annex C: Results of the short-term stability measurements 
Analytical method applied: sample extraction procedure according to CEN/TR 16269:2001 or 
EN 16913:2017; quantification by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Measurements performed under repeatability conditions, and in a randomised 
manner. 
 
Figure C1: Data of the short-term stability study at 18 and 60 °C. The graphs report the 
means per time point ± confidence interval of the means (same CI calculated 
from ANOVA for all times) expressed as mass fraction as reported by the 
laboratory. 
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Annex D: Results of the long-term stability measurements 
Analytical method applied: sample extraction procedure according to CEN/TR 16269:2001 or 
in EN 16913:2017; quantification by IC-CD (anions), ICP-OES (cations) and CFA photometry 
(NH4+). Measurements performed under repeatability conditions, and in a randomised 
manner. 
 
Figure D1: Data of the long-term stability study at 4 and 18 °C. The graphs report the means 
per time point ± confidence interval of the means (same CI calculated from 
ANOVA for all times) expressed as mass fraction, as reported by the laboratory. 
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Annex E: Summary of the measurement procedures used in the characterisation study as reported by the laboratories 
 
Table E1: Analytical method details for water-soluble ions determination as reported by the laboratories (continues in the next page) 
Laboratory code Sample pre-treatment Analytical method Other information Technique(s) 
L01 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 25 
mg in 10 mL water) 
Analyses carried out according to EN 
ISO 17294-1,2 (modified) and US 
EPA Method 200.8 (modified) 
Samples were acidified before 
analyses (1 mL pure HNO3), 
Na+, K+, Ca2+ and Mg2+ only 
ICP-SFMS (Na+, K+, 
Ca2+and Mg2+) 
L02 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (between 
9 and 10 mg extracted in 
10 mL water for 30 ± 5 
minutes in ultrasonic bath) 
Analyses carried out according to EN 
11885:2009 (cations), EN ISO 
11732:2005 modified (NH4+) and EN 
ISO 10304-1:2009 (anions) 
Instrument: ICP-OES ICAP 
7000 Thermo Fischer, Foss 
Tecator 5020 Analyzer, IC 
ICS-2000 Dionex Thermo 
Scientific; calibrants: CRMs 
from CPAchem and from 
Merck 
ICP-OES (Na+, K+, 
Ca2+and Mg2+) 
Photometry (NH4+) 
IC-CD (Cl-, NO3-, and 
SO42-) 
L03 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 20 
mg in 100 mL water for 30 
± 5 minutes in ultrasonic 
bath) 
Analyses carried out according to EN 
ISO 14911:1998 (cations) and EN 
ISO 10304-1:2009 (anions)  
Instrument: IC Metrohm 930 
(cations), IC Waters Alliance 
2695 (anions); calibrants from 
Merck traceable to NIST SRM 
IC-CD 
L04 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 5 
mg in 10 mL water) 
Analyses carried out according to 
internal IC validated method 
Instrument: IC Dionex ICS-
2000 system (cations), IC 
Dionex ICS-2100 system 
(anions); calibrants from 
Sigma-Aldrich, Merck and 
Fisher Scientific 
IC-CD 
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L06 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (between 
6 and 7 mg in 10 mL water 
for 30 ± 5 minutes in 
ultrasonic bath) 
Analyses carried out according to EN 
ISO 14911 (cations) and EN ISO 
10304-1 (anions) 
Instrument: IC Metrohm 881; 
calibrants from CPAchem, 
Fluka and Inorganic Ventures 
traceable to NIST SRM 
3152a, 3141a, 999b, 3131a, 
194a, 3181, 3182, 3185  
IC-CD 
L08 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 10 
mg in 10 mL water for 30 ± 
5 minutes in ultrasonic 
bath) 
Analyses carried out according to EN 
ISO 14911:2000 (cations), EN ISO 
11732:2005 (ammonium) and EN 
ISO 10304-1:2009 (anions) 
Instrument: IC Thermo Fisher 
Dionex Integrion HPIC system 
(cations, no NH4+),  San++ 
Analyser Skalar Analytical 
(NH4+), IC Dionex DX 500 
(anions); calibrants form 
Merck and Alfa Aesar 
IC-CD (Na+, K+, Ca2+, 
Mg2+, Cl-, NO3-, and 
SO42-) 
CFA photometry (NH4+) 
L10 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (between 
25 and 31 mg in 10 mL 
water for 30 ± 5 minutes in 
ultrasonic bath) 
Analyses carried out according to 
internal IC validated method 
Thermo Dionex ICS-2000 
(cations), Thermo Dionex 
Integrion HPIC (anions); 
calibrants form Spectrascan 
traceable to NIST SRM 
IC-CD 
L11 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 10 
mg in 10 mL water for 30 ± 
5 minutes in ultrasonic 
bath) 
Analyses carried out according to 
internal IC validated method 
Instrument: IC Metrohm 872 
(cations) and Metrohm 850 
(anions); calibrants from 
Chemlab 
IC-CD 
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L12 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (about 25 
mg in 10 mL water for 30 ± 
5 minutes in ultrasonic 
bath) 
Analyses carried out according to 
internal validated methods. Methods 
derived from EN ISO 11885:2009 
(cations), EN ISO 11732:2005 (NH4+) 
and  EN ISO 10304-1:2007 (anions) 
Instrument: ICP-OES 5100 
Agilent (cations, no NH4+),  
San++ Analyser Skalar 
Analytical (NH4+), IC Metrohm 
850 (anions); calibrants from 
Merck and SpexCertiprep 
traceable to NIST SRM 
3152a, 3141a, 3109a, 3131a, 
NIST SRM salts 
ICP-OES (Na+, K+, Ca2+ 
and Mg2) 
CFA photometry (NH4+) 
IC-CD (Cl-, NO3-, and 
SO42-) 
L13 Water extraction according 
to CEN/TR 16269:2001 or 
EN 16913:2017 (between 
6 and 12 mg in 30 mL 
water for 30 ± 5 minutes in 
ultrasonic bath) 
Analyses carried out according to 
internal validated methods 
Instrument: ICP-MS Thermo 
Element XR High resolution 
(cations, no NH4+),  San++ 
46nalyser Skalar Analytical 
(NH4+), IC Metrohm 881 
(anions); calibrants from 
Merck and Inorganic Ventures 
traceable to NIST SRM 
ICP-SFMS (Na+, K+, 
Ca2+ and Mg2) 
CFA photometry (NH4+) 
IC-CD (Cl-, NO3-, and 
SO42-) 
 
 
Table E2: Analytical method details for elements determination as reported by the laboratories (continues in the next pages) 
Laboratory code Sample pre-treatment Analytical method Other information  Technique 
L01 Microwave digestion 
(sample intake about 25 
mg)  with HNO3 / HCl / HF 
according to EN 
13656:2003 
Analyses carried out according to EN 
ISO 17294-2:2016 and US EPA 
Method 200.8:1994 
 ICP-SFMS 
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L02 Microwave digestion (> 5 
mg sample intake) with 
HNO3, (8 mL) / H2O2 (2 
mL) 
Analyses carried out according to EN 
11885:2009 
Instrument: ICP-OES ICAP 
7000 Thermo Fischer; 
digestion at 220 °C; calibrants 
CRMs from CPAchem 
ICP-OES 
L04 Microwave acid digestion 
(about 20 mg sample 
intake) with HNO3 
Analyses carried out according to 
internal ICP-OES validated method 
Instrument: ICP-OES 5100 
Agilent; calibrants form VHG 
Labs traceable to NIST SRM 
ICP-OES 
L05 Microwave acid digestion 
(sample intake about 40 
mg) with HNO3 and H2O2 
Analyses carried out according to 
internal ICP-OES validated method 
Instrument: ICP-OES Optima 
7300DV Perkin-Elmer; 
calibrants form Alfa Aesar 
traceable to NIST SRM 
3152a, 3141a, 3109a, 3131a 
ICP-OES 
L07 Microwave acid digestion 
(sample intake between 
10 and 22 mg) with HNO3 
(65 - 69 %), H2O2 
(suprapur, 30 %) and HF 
(suprapur, 40 %)    
Analyses carried out according to 
internal ICP high resolution MS 
validated method 
Instrument: ICP-MS Thermo 
Element XR High resolution; 
digestion system: microwave 
Ethos One (settings: 230 °C 
1200 W); calibrants from 
Merck and from homemade 
solutions traceable to NIST 
SRM 919b, 999a, 3141a, 
3109a, 3131a 
ICP-SFMS 
L08 Microwave acid digestion 
(between 9 and 20 mg 
sample intake) with 15 % 
HNO3 and H2O2. 
Analyses carried out according to EN 
14902 (modified) 
Instrument: ICP-MS 7900 
Agilent; calibrants form SCP 
Science 
ICP-MS 
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L09 Microwave acid digestion 
(about 25 mg sample 
intake) with HCl and HNO3 
Analyses carried out according to 
internal ICP-MS validated method 
Instruments: ICP-MS 7700x 
Agilent; digestion system: 
Milestone UltraWave; 
calibrants from SPEX 
CertiPrep and VWR traceable 
to NIST SRM 
ICP-MS 
L10 Microwave acid digestion 
(about 50 mg sample 
intake) with HNO3 and HF 
(5:1) 
Analyses carried out according to 
internal ICP-MS validated method 
Instruments: ICP-MS 7700x 
Agilent; digestion system: 
Milestone Ultra Clave; 
calibrants from Spectrascan 
traceable to NIST SRM 
ICP-MS 
L11 Microwave acid digestion 
(about 15 mg sample 
intake) with HCl, HNO3 
and HF (EN 13656) 
Analyses carried out according to 
internal ICP-OES validated method 
Instruments: ICP-OES 5110 
Agilent; calibrants from 
Techlab 
ICP-OES 
L12 Microwave acid digestion 
(between 15 and 40 mg 
sample intake) with HNO3, 
H2O2 and HBF4 
Analyses carried out according to EN 
ISO 11885:2009 
Instrument: ICP-OES 5100 
Agilent; microwave oven 
Anton Paar Multiwave 7000 
(programme: temperature was 
raised to 220 °C in 30 minutes 
and kept on 220 °C for 20 
minutes); calibrants from 
Inorganic Ventures traceable 
to NIST SRM 3152a, 3141a, 
3109a, 3131a 
ICP-OES 
 
L13 Open acid digestion 
(about 8 mg sample 
intake) with HNO3 and 
H2O2 
Analyses carried out according to 
internal ICP high resolution MS 
validated method 
Instrument: ICP-MS Thermo 
Element XR High resolution; 
calibrants from Inorganic 
Ventures traceable to NIST 
SRM 
ICP-SFMS 
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L14 None (sample intake 
about 20 mg) 
Analyses carried out according to 
internal k0-INAA validated method 
TRIGA Mark II reactor, 
calibrant: IRMM-530R from 
JRC 
k0-INAA 
L15/1 Microwave acid digestion 
(about 20 mg sample 
intake) with HCl (7.5 mL), 
HNO3 (5 mL) and HF (2 
mL) 
Analyses carried out according to 
internal ICP-OES validated method  
Instrument: ICP-OES Spectro 
Arcos; calibrants Merck 
Certipur form Merck; Sc as 
internal standard; microwave 
oven settings: T = 240 °C,   P 
= 60 bar, t = 90 min 
ICP-OES 
L15/2 Microwave acid digestion 
(about 20 mg sample 
intake) with HNO3 (5 mL), 
H2SO4 (1 mL) and HF (2 
mL) 
Analyses carried out according to 
internal ICP-OES validated method 
Instrument: ICP-OES Spectro 
Arcos; calibrants Merck 
Certipur form Merck; Sc as 
internal standard; high 
pressure microwave oven 
Ultraclave III settings: T = 80 
°C for 10 min,  T = 150 °C for 
10 min, T = 200 °C for 10 min, 
T = 250 °C for 70 min, P = 50-
130 bar 
ICP-OES 
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Annex F: Results of the characterisation measurements of ERM-CZ110 
 
Table F1: Water-soluble Na+ mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 20000 20200 20500 20500 20100 20900 20367 4013 
L02-ICP-OES 19480 20380 19600 18590 19180 19610 19473 1947 
L03-IC-CD 20990 20886 21218 20914 21215 21219 21074 1475 
L04-IC-CD 21400 22100 20800 21100 20700 20500 21100 4220 
L06-IC-CD 20621 20052 20354 20177 20866 20741 20469 1384 
L08-IC-CD 17915 18019 18067 18385 18273 18226 18148 1815 
L11-IC-CD 21368 21036 21421 19989 21177 21118 21018 2102 
L12-ICP-OES 19957 19482 18874 19463 18757 19507 19340 3094 
L13-ICP-SFMS 23058 21890 22815 23100 22446 22547 22643 4529 
Results not used for certification 
L10-IC-CD 21602 21322 21068 20916 21399 21422 21288 1296 
 
 
 
Figure F1: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble Na+ in ERM-CZ110 (20.4 ± 2.0 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F2: Water-soluble K+ mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 3040 2960 2910 3010 2980 2990 2982 589 
L02-ICP-OES 4032 4263 4151 3918 4017 4185 4094 409 
L03-IC-CD 3484 3327 3408 3366 3379 3403 3395 407 
L04-IC-CD 3210 3310 3150 3210 3180 3140 3200 640 
L06-IC-CD 2990 2944 3043 2954 2922 2977 2972 215 
L08-IC-CD 2306 2278 2354 2043 2395 2349 2288 572 
L10-IC-CD 3141 3285 3588 3159 3189 3430 3299 392 
L11-IC-CD 3516 3620 3586 3236 3285 3485 3455 345 
L12-ICP-OES 3129 3124 3027 3128 3014 3148 3095 390 
L13-ICP-SFMS 3882 3623 3765 3768 3674 3683 3732 1008 
 
 
 
Figure F2: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble K+ in ERM-CZ110 (3.3 ± 0.5 g/kg) with laboratories accepted results and 
their uncertainties as reported by laboratories in g/kg 
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Table F3: Water-soluble Ca2+ mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 39800 39500 37300 38500 39800 39900 39133 6925 
L02-ICP-OES 43320 44990 42600 40490 41640 41890 42488 6373 
L03-IC-CD 50770 54474 51471 52924 53457 53287 52730 4218 
L04-IC-CD 46600 47400 44100 44400 44400 43700 45100 9020 
L06-IC-CD 40956 41338 41328 41965 41787 40941 41386 2571 
L11-IC-CD 43497 42901 46835 39924 43414 43095 43278 4328 
L12-ICP-OES 44942 44154 42880 44262 42528 45051 43969 4221 
L13-ICP-SFMS 47495 47412 47319 47320 47178 46912 47273 6145 
Results not used for certification 
L08-IC-CD 28717 31882 32004 33333 32515 32919 31895 4784 
L10-IC-CD 47519 49204 47553 48818 48818 48379 48382 181 
 
 
 
Figure F3: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble Ca2+ in ERM-CZ110 (44 ± 9 g/kg) with laboratories accepted results and 
their uncertainties as reported by laboratories in g/kg 
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Table F4: Water-soluble Mg2+ mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN  16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 1720 1710 1710 1660 1690 1730 1703 347 
L02-ICP-OES 1683 1752 1674 1577 1637 1635 1660 249 
L03-IC-CD 1882 1878 1860 1870 1883 1887 1877 188 
L04-IC-CD 1880 1720 1660 1610 1660 1610 1690 338 
L11-IC-CD 1855 1888 1790 2020 1831 1823 1868 187 
L12-ICP-OES 1669 1712 1618 1673 1643 1688 1667 220 
L13-ICP-SFMS 1944 1852 1889 1947 1895 1834 1893 341 
Results not used for certification 
L06-IC-CD 849 945 902 876 948 856 896 110 
L08-IC-CD 1338 1342 1317 1310 1329 1320 1326 133 
L10-IC-CD 1921 1781 1932 1808 1877 1912 1872 213 
 
 
 
Figure F4: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble Mg2+ in ERM-CZ110 (1.8 ± 0.4 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F5: Water-soluble Cl- mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN  16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L02-IC-CD 24562 26354 25206 26034 26299 25829 25714 1286 
L03-IC-CD 26678 26724 27192 26894 27153 27220 26977 2158 
L04-IC-CD 27100 28300 25600 28300 28100 28600 27667 5533 
L06-IC-CD 26855 26394 26066 26957 26361 26057 26448 1889 
L08-IC-CD 22478 22441 22550 22822 22942 22907 22690 3404 
L10-IC-CD 27815 26218 27016 27200 27366 27891 27251 1673 
L11-IC-CD 27376 26555 27251 25496 26971 26957 26768 2677 
L12-IC-CD 26059 26388 25278 25663 25858 26829 26012 1977 
Results not used for certification  
L13-IC-CD 33796 27690 28121 29623 26995 29838 29344 2641 
 
 
 
Figure F5: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble Cl- in ERM-CZ110 (26.2 ± 2.1 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F6: Water-soluble NO3- mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L02-IC-CD 7149 7898 7556 7787 7907 7792 7682 307 
L03-IC-CD 8301 8494 8526 8419 8495 8618 8475 678 
L04-IC-CD 7930 8290 8060 8300 8200 8180 8160 1632 
L06-IC-CD 7685 7794 7603 8001 7750 7799 7772 536 
L08-IC-CD 6990 6719 6881 6925 6892 6936 6891 689 
L10-IC-CD 7997 7523 7893 7902 7919 8091 7888 485 
L11-IC-CD 7847 7677 7729 7231 7796 7711 7665 767 
L12-IC-CD 7966 8099 7778 7912 7992 8211 7993 400 
Results not used for certification  
L13-IC-CD 13042 7379 8485 6505 7760 6916 8348 918 
 
 
 
Figure F6: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble NO3- in ERM-CZ110 (7.8 ± 0.7 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F7: Water-soluble SO42- mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L02-IC-CD 68690 73740 70860 72980 73890 72110 72045 2882 
L03-IC-CD 74654 74766 75711 74878 76012 75848 75311 7531 
L04-IC-CD 72700 76100 79000 76200 75300 76600 75983 15197 
L06-IC-CD 71435 72070 70171 72623 71819 70986 71518 5125 
L08-IC-CD 69979 71830 71071 73339 72768 72256 71874 7187 
L10-IC-CD 77585 72550 75248 76861 77375 78090 76285 5466 
L11-IC-CD 77157 75212 76761 71475 76524 75938 75511 7551 
L12-IC-CD 74153 75665 72222 73494 73640 76829 74334 4906 
L13-IC-CD 82391 77527 78353 78130 77378 77236 78503 8635 
 
 
 
Figure F7: Certified value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble SO42- in ERM-CZ110 (75 ± 13 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F8: Water-soluble NH4+ mass fraction (mg/kg) extracted as described in CEN/TR 16269:2011 or 
EN 16913:2017; individual results of the participants, as reported by the laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L02-photometry 1002 1027 1022 1228 1260 1196 1123 67 
L03-IC-CD 1319 1329 1317 1363 1516 1426 1378 96 
L04-IC-CD 1480 1590 1230 1290 1270 1250 1352 270 
L08-CFA photometry 1464 1460 1471 1497 1491 1527 1485 223 
L11-IC-CD 1390 1441 1489 1362 1448 1432 1427 143 
L12-CFA photometry 1285 1284 1232 1287 1250 1346 1280 101 
L13-CFA photometry 1299 1268 1295 1429 1449 1377 1353 230 
Results not used for the assignment of the indicative value 
L06-IC-CD 1192 1246 1301 1157 1210 1186 1215 132 
L10-IC-CD 2094 1711 2096 2106 1956 1969 1989 232 
 
 
 
Figure F8: Indicative value (solid line) ± expanded uncertainty (dashed lines) for water-
soluble NH4+ in ERM-CZ110 (75 ± 13 g/kg) with laboratories accepted results 
and their uncertainties as reported by laboratories in g/kg 
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Table F9: Total Na content mass fraction (mg/kg); individual results of the participants, as reported by the 
laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 23500 22300 23800 25600 23700 23500 23733 6625 
L07-ICP-SFMS 22320 22003 22286 22479 21161 21448 21950 1442 
L10-ICP-MS 24086 24943 25560 26753 25290 26591 25537 5351 
L11-ICP-OES 22400 23400 23800 24000 23800 23800 23533 2118 
L12-ICP-OES 23100 22800 23000 22700 22700 22800 22850 2285 
L14-k0-INAA 23610 23510 22900 22620 22520 22680 22973 1613 
L15/1-ICP-OES 22600 22200 22500 22300 22300 22100 22333 500 
L15/2-ICP-OES 22400 22500 22700 22200 22100 22200 22350 500 
Results not used for the assignment of the informative value 
L02-ICP-OES 23400 23570 21680 22970 22320 24230 23028 2303 
L04-ICP-OES 21000 20800 21000 20300 20600 20600 20717 7044 
L05-ICP-OES 21400 21000 20900 20100 21200 20900 20917 1046 
L08-ICP-MS 24775 23167 22759 22019 20843 23028 22765 7057 
L09-ICP-MS 21719 21182 20873 21085 21335 21355 21258 2606 
L13-ICP-SFMS 27421 25187 24283 25769 24930 24677 25378 5076 
 
 
 
Figure F9: Additional informative value (solid line) for Na in ERM-CZ110 (23 g/kg) with 
laboratories accepted results and their uncertainties as reported by laboratories 
in g/kg 
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Table F10: Total K content mass fraction (mg/kg); individual results of the participants, as reported by the 
laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 8790 8800 8280 8700 8900 8490 8660 2395 
L07-ICP-SFMS 8080 7957 8116 7943 7375 7892 7894 775 
L10-ICP-MS 9210 9354 9222 9736 9074 9454 9342 1947 
L11-ICP-OES 8390 8800 8900 8920 8920 8930 8810 1233 
L12-ICP-OES 9020 9160 9160 9010 8990 8960 9050 543 
L14-k0-INAA 8328 7960 8210 8268 8163 7938 8145 724 
L15/1-ICP-OES 7950 7990 8180 8250 8160 8100 8105 220 
L15/2-ICP-OES 7800 7900 8050 7940 7830 7920 7907 220 
Results not used for the assignment of the informative value 
L02-ICP-OES 8312 8050 8312 7907 7030 7996 7935 793 
L04-ICP-OES 3280 3310 3370 3220 3340 3310 3305 562 
L05-ICP-OES 5840 5760 6090 5220 5670 5750 5722 458 
L08-ICP-MS 8548 8272 7859 7686 7231 8067 7944 2185 
L09-ICP-MS 7007 6366 6681 6539 6624 6583 6633 1261 
L13-ICP-SFMS 6204 5766 5821 6146 5677 6008 5937 1603 
 
 
 
Figure F10: Additional informative value (solid line) for K in ERM-CZ110 (8.5 g/kg) with 
laboratories accepted results and their uncertainties as reported by laboratories 
in g/kg 
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Table F11: Total Ca content mass fraction (mg/kg); individual results of the participants, as reported by the 
laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 64900 65600 63400 66500 64800 64400 64933 13127 
L02-ICP-OES 59740 59810 58060 55800 52880 58320 57435 8615 
L05-ICP-OES 60100 62400 63000 56900 62800 62400 61267 4289 
L07-ICP-SFMS 75695 74108 73912 72905 69344 72858 73137 6163 
L09-ICP-MS 62884 60012 59333 60442 61742 60707 60853 8175 
L10-ICP-MS 69054 69763 68901 73157 69133 71321 70222 10974 
L11-ICP-OES 61900 66900 67000 67500 68600 67200 66517 7982 
L12-ICP-OES 64400 65900 65900 64300 66700 66300 65583 5247 
L13-ICP-SFMS 70758 65529 63353 68301 66079 67346 66894 8696 
L14-k0-INAA 63540 61610 57640 63450 63250 58990 61413 5687 
L15/1-ICP-OES 63800 62300 63800 63700 63200 63400 63367 1000 
L15/2-ICP-OES 62400 63700 63000 62800 62000 64400 63050 1000 
Results not used for the assignment of the informative value 
L04-ICP-OES 44900 45500 44800 45200 44600 45000 45000 9900 
L08-ICP-MS 70512 66108 65123 63282 58670 64482 64696 9640 
 
 
 
Figure F11: Additional informative value (solid line) for Ca in ERM-CZ110 (65 g/kg) with 
laboratories accepted results and their uncertainties as reported by laboratories 
in g/kg 
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Table F12: Total Mg content mass fraction (mg/kg); individual results of the participants, as reported by the 
laboratories. 
Laboratory  
method code 
replicate 1 
[mg/kg] 
replicate 2 
[mg/kg] 
replicate 3 
[mg/kg] 
replicate 4 
[mg/kg] 
replicate 5 
[mg/kg] 
replicate 6 
[mg/kg] 
mean 
[mg/kg] 
Expanded  
uncertainty 
[mg/kg] 
L01-ICP-SFMS 9510 9440 8750 9730 9260 9540 9372 2421 
L05-ICP-OES 8280 8210 8350 7410 8410 8340 8167 1225 
L07-ICP-SFMS 9067 8771 8737 8842 8120 8636 8696 878 
L09-ICP-MS 9012 8563 8592 8434 8656 8619 8646 1081 
L10-ICP-MS 10210 10202 10745 10128 9873 10063 10204 1075 
L11-ICP-OES 9300 9730 9910 9780 9780 9760 9710 1359 
L13-ICP-SFMS 9841 9169 8944 9480 9223 9000 9276 1670 
L14-k0-INAA 9099 9098 8982 9335 9688 9135 9223 973 
L15/1-ICP-OES 9380 9310 9430 9620 9550 9500 9465 150 
Results not used for the assignment of the informative value 
L02-ICP-OES 8237 7866 5853 7524 6797 7931 7368 1105 
L04-ICP-OES 1720 1630 1660 1640 1640 1720 1668 300 
L08-ICP-MS 9791 9360 9149 8888 8400 9234 9137 2065 
L12-ICP-OES 8980 8950 9090 8970 9010 9030 9005 2035 
L15/2-ICP-OES 9290 9340 9300 9460 9350 9300 9340 150 
 
 
 
Figure F12: Additional informative value (solid line) for Mg in ERM-CZ110 (9.2 g/kg) with 
laboratories accepted results and their uncertainties as reported by laboratories 
in g/kg 
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